A set of N-arylbenzenesulfonamides with various substituents at the arylamine and benzenesulfonyl positions were prepared, and their antifungal properties were measured in vitro against such plant pathogenic fungi as Pythium ultimum, Phytophthora capsici, Rhizoctonia solani, and Botrytis cinerea. Compounds 3, 4, 8, 9, 10, 14, 16, 18, 20, 21, 24 and 27 had antifungal activity over a broad spectrum of the phytopathogenic fungi tested, where 50% of inhibition (ED 50 ) was in the range of 3-15 mg W ml. Based on the in vitro activity, six derivatives (3, 4, 10, 18, 21 and 27) were selected and tested further for their fungicidal e‹cacy in vivo. The fungicidal e‹cacy of 10, 21 and 27 had a disease control value of over 85% at 50 mg W ml against wheat leaf rust, while that of 4 was selective against cabbage club root disease.
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The development of fungicides has been attracting considerable attention because millions of dollars worth of crops are damaged by fungal diseases. 1) In the previous paper, we described the isolation and antifungal activities of the simple sulfonamide, Nbutylbenzenesulfonamide, from a Pseudomonas sp. 2) Although it had relatively low antifungal activity, it showed a broad action spectrum for potential application as the lead compound for a new fungicide. A new sulfonamide fungicide has recently been developed for controlling club root disease. [3] [4] [5] Substantial eŠort by our laboratories has been directed to the synthesis of a large number of sulfonamides in order to construct our own compound library of new antifungal agents against several plant pathogenic fungi such as Pythium ultimum, Phytophthora capsici, Rhizoctonia solani and Botrytis cinerea.
It is well known that the chemotherapeutic bacterial activity of sulfonamide [6] [7] [8] is due to inhibiting the synthesis of dihydrofolic acid from p-aminobenzoic acid, pteridine, and glutamic acid by means of dihydropteroate synthase, because of their competitive antagonism against p-aminobenzoic acid. 9) We report here the synthesis of various N-arylbenzenesulfonamides and the selection of a potential fungicide for several plant pathogens in vitro and in vivo. The requisite substrates, 1-30, were easily prepared by treating of commercially available benzenesulfonylchloride derivatives with each corresponding arylamine under basic conditions in THF.
10)
The sulfonamide derivatives described in the present work were examined in vitro for their antifungal activities against the four plant pathogenic fungi, P. ultimum, P. capsici, R. solani, and B. cinerea. The results are summarized in Table 1 . In the design of a fungicide, the sulfonamide moiety located between the aromatic rings, and substituents (H, CH3, F, CF3, Cl and NO2) in the benzenesulfonyl and arylamine moieties were considered as a key functions to aŠord antifungal activity. For example, compound 11 had only one diŠerent substituent from compound 17 (CH3 to NO2) in the benzenesulfonyl moiety, the ED50 value of compound 11 being 10-25 mg W ml, while that of 17 was over 150 mg W ml against all the fungi tested. most of the N-arylbenzenesulfonamides had low in vitro activity against Botrytis cinerea, but that a set of N-arylbenzenesulfonamides with m-CF3 and p-F at the benzylamine position showed ED50 values of 3-15 mg W ml. It is also apparent that the compounds with a p-CF3 substituent at the benzylamine position had strong inhibition in vitro against P. ultimum, P. capsici, R. solani, and B. cinerea. We thus chose six compounds (3, 4, 10, 18, 21 and 27) based on their in vitro antifungal activity and tested them further in vivo. These compounds (3, 4, 10, 18, 21 and 27) were examined for their fungicidal activities against seven plant diseases, namely four obligate pathogens (TLB, WLR, BPM and CCR) and three nonobligate pathogens (RB, RSB and TGM), at 500, 250 and 50 mg W ml, the disease control value (z) of the 50 mg W ml treatment being given in Table 2 . These compounds exhibited fungicidal activities with a selective spectrum of plant pathogens at 50 mg W ml. Compounds 10, 21 and 27 showed selective activity (85-90z control) against wheat leaf rust and to a lesser extent against tomato late blight. Compound 4 showed highly selective activity (80z control) against cabbage club root disease. Compound 4 had relatively stronger fungicidal activity than that of the commercial fungicide, ‰usulfamide, [3] [4] [5] as shown in Table 3 which is inconsistent with the published data. 5) This discrepancy in the fungicidal e‹cacy toward cabbage club root disease between compound 4 and ‰usulfamide might be explained by a diŠerence in the application methods. Shimotori et al. 5) have applied the test compounds to soil by thoroughly mixing with a dustable powder (DP) before seedling transplantation, whereas we treated the compounds in a solution on the surface of the soil after transplanting. The manufacturer of ‰usulfamide recommends mixing the chemical (DP) thoroughly with the soil to maximize its e‹cacy because of its strong adsorption and little movement characteristic in the soil. In summary, after testing many of the sulfonamide collections with a structural relationship, we discovered that N-2-chloro-4-nitrophenylbenzenesulfonamide (4) had a distinctly diŠerent eŠect on CCR, while N-4-tri‰uoromethylphenylnitroben-zenesulfonamides including 21 and 27, had a selective eŠect on WLR. These results could provide a useful guide to the development of potential new selective fungicides.
Experimental

Apparatus.
1 H-and 13 C-NMR spectra were obtained with a Bruker AM 500 spectrometer ( 1 H-NMR at 500 MHz and 13 C-NMR at 125 MHz). Melting point (mp) data were determined with ThomasHoover capillary apparatus and are uncorrected. Elemental analyses were performed with a LECO Micro-carbon Hydrogen Determinator.
In vitro mycelial growth inhibition assay. Each compound dissolved in methanol or dimethyl sulphoxide (DMSO) was tested for its in vitro antifungal activity against four plant pathogenic fungi. Each serially diluted compound was incorporated in 1 W 5 strength potato dextrose agar (PDA) plates at 0 to 200 mg W ml, and a 5-mm agar plug of the four phytopathogenic fungi, P. ultimum, P. capsici, R. solani and B. cinerea, was placed at the center of the plate. Three replicate plates of each concentration for each fungus were incubated at 259 C for each tested fungus. After incubating for 2-6 days, the radial growth was measured, and the ED50 value for the mycelial growth inhibition was calculated by a probit analysis.
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In vivo assay. Six compounds based on their in vitro activity were selected and tested further in vivo for antifungal activity against the following diseases: RB ( Magnaporthe grisea (Hebert) Barr); RSB (Corticium sasaki Matsu); TGM ( Botrytis cinerea); TLB ( Phytophthora infestans); WLR ( Puccinia recondita Rob ex Desm); BPM ( Erysiphe graminis DC f. sp. hordei Marchal) and CCR ( Plasmodiophora brassicae). Rice (Oryza sativa L, Nakdong), tomato ( Lycopersicon esculentum Mill, cv Seokwang), wheat (Triticum aestivum L, cv Chokwang), barley ( Hordeum sativum Pers, cv Dongbori) and cabbage ( Brassica campestris L, cv Manhui) were used as hosts. All the plants except cabbage were grown in vinyl pots (4.5 cm diameter) in a greenhouse at 25±59 C for 1-4 weeks. The potted plant seedlings were sprayed with the test compound dissolved in water+methanol (95+5) containing Tween 20 (250 mg W l) as a wetting agent and allowed to stand for 24 h. 12) To assess the development of rice blast, treated rice seedlings at the second-leaf stage were inoculated with M. grisea by spraying with a spore suspension (5×10 8 spores W l) of the fungus. After incubating the seedlings in the dark for 1 day at 25±29 C under 100z RH, they were transferred to a growth chamber maintained at 25±29 C under 70-80z RH and 12 h of daylight per day. The disease severity was determined as the percentage of infected leaf area 5 days after the inoculation. The rice sheath blight assay used treated rice seedlings at the third-leaf stage that were inoculated by adding 7-day-old wheat-rice bran (200 ml of wheat bran and 100 ml of rice bran in a 1-l Erlenmeyer ‰ask) cultures of C. sasaki to soil. After incubating for 4 days in the dark at 25±29 C under 100z RH, the inoculated plants were kept in a growth chamber for 4 days at 25±29 C under 100z RH with 12 h of daylight per day, and the disease severity was then assessed. The tomato late blight assay used treated tomato seedlings at the second-leaf stage that were inoculated with P. infestans by spraying with a zoospore suspension (10 8 zoospore W l) released from a sporangial suspension of the fungus. The tomato gray mould assay was conducted on tomato seedlings at the second-leaf stage that were inoculated by spraying a spore suspension (10 9 spores W l) of B. cinerea. The inoculated tomato plants were kept in the dark at 259 C under 100z RH, and the disease severity was assessed 3-4 days after inoculation. Wheat leaf rust was assayed with treated wheat seedlings at theˆrst-leaf stage that had been inoculated with P. recondita by spraying with a spore suspension (0.67 g spores W l, containing 250 mg W l of Tween 20) of the fungus. The seedlings were incubated in a moist chamber for 1 day at 209 C and then transferred to an incubation room. The disease severity was determined by rating the infected leaf area 7 days after the inoculation. To assay cabbage club root, cabbage seedlings were transplanted after the soil had been inoculated with a P. brassicae spore suspension (2×10 6 spores W ml), and then 10 ml of each sample solution was applied to assess the disease-suppression activity. The disease severity was assessed 35 days after inoculation. The development of barley powdery mildew was assayed for treated barley seedlings at thê rst-leaf stage that had been inoculated with E. graminis. f. sp. hordei by dusting with the dry inoculum from diseased plants. The inoculated barley seedlings were incubated for 7 days at 209 C in an incubation room, and the disease severity was then determined.
Typical isolation procedure for sulfonamides 1-30. N-phenylbenzenesulfonamide (1). To a solution of NaH (60z in oil; 194 mg, 5.1 mmol) in 10 ml of dry THF was added a solution of aniline (189 mg, 2.0 mmol) in THF (3 ml), and the solution was stirred for 10 min at 09 C. A solution of benzenesulfonyl chloride (300 mg, 1.7 mmol) was added to this reaction mixture at 09 C, before the reaction mixture was warmed to room temperature and stirred overnight. The mixture was then quenched with sat. NaHCO3 and extracted with ethylacetate. The combined organic layer was washed with brine, dried with anhydrous sodium sulfate,ˆltered, and evaporated in vacuo. Chromatography on silica gel with hexane-EtOAc provided solid 1 (339 mg, 86z) 
